Damage to living organisms by X-rays (but not by ultraviolet radiation) is generally enhanced by the presence of oxygen, which probably acts a t a physico-chemical level. Sensitivity to both u.v.-and X-radiation may also be related to the presence of oxygen acting as a metabolic factor during the growth of micro-organisms before or after irradiation.
INTRODUCTION
Various lines of evidence support the view that oxygen, which enhances the effectiveness of ionizing radiation when present during irradiation, acts physicochemically, rather than by affecting metabolism. With some strains of microorganism, effects of radiation on colony-forming ability may be greatly modified by changing the conditions of growth, both before and after irradiation. Modificacation of this type is clearly related to effects on the biochemical processes which lead to cell division, and the presence or absence of oxygen during growth of the organisms may affect the end result, The mechanisms of this modifying action of oxygen are easily distinguishable from those involved in the part which oxygen plays by intervening in the 'metionic reaction', i.e. the chemical reaction immediately following an ionizing event (Alper, 1956 ). a) that Escherichia coli strain B organisms when kept anaerobic after X-or u.v.-irradiation behaved like those to which other metabolic inhibitors were applied in that their colony-forming ability was much less affected than when they were grown in optimal conditions. Effects of anaerobic growth on this strain, and on its mutant E. coli B/r, have now been studied in greater detail.
It was reported by Alper
cellophan carriers supported on 1.5 % agar in distilled water, a techniquedescribed by Alper & Gillies (1958) . Suspensions of organisms were exposed to X-rays or to 8 MeV. electrons in specially designed vessels through which air or oxygen-free nitrogen was continuously bubbled (Alper, 1955) .
Sources of radiation.
(1) Ultraviolet-irradiations were carried out by using a waterjacketed Hanovia ' Germicidal' lamp, 90 yo of the energy being emitted at 2537 A. ; the dose rate was about 200 ergs/mm.2/min. (2) For X-irradiations we used a Solus Schall 300 kV. constant potential X-ray unit, operating at 250 kV. and 10 mA., with no added filtration. The dose rate in the vessels was 1050 rads./min. as determined by ferrous dosimetry. Post-irradiation treatment. All nutrient agar plates were warmed to 37" before transferring to the surface either samples of suspensions of organisms, or cellophan carriers.
Anaerobic conditions were obtained by using a McIntosh & Fildes anaerobic jar, evacuating and refilling with pure hydrogen twice. The jar was maintained at 87" throughout. After overnight incubation air was admitted and the incubation continued until the colonies were large enough to count (about 6 hr.) Since we wished to establish comparative rates of growth on plates, under aerobic and anaerobic conditions, the technique described by Alper & Gillies (19604 was used. Organisms were seeded on to strips of cellophan supported on the surface of nutrient agar, removed after suitable intervals and shaken in MacCartney bottles containing phosphate buffer. Viable counts were made on the suspensions so obtained.
Chloramphenicol t r e a t m t . In general we followed the methods described by . Cellophan carriers on which the organisms had been irradiated were laid on the surface of nutrient agar chloramphenicol and left overnight in aerobic or anaerobic conditions. The carriers were then transferred to normal nutrient agar and incubated until the colonies were large enough to count.
In one experiment air was admitted to chloramphenicol agar plates which had been incubated anaerobically overnight and the organisms incubated aerobically for a few hours on chloramphenicol agar, in case the anaerobiosis had prevented the chloramphenicol from exerting its full effect. The final result was not affected. Chloramphenicol (5 pg./ml.) was used in the experiments reported by Gillies & Alper (1959); but in the present series we found a loss of viability in unirradiated organisms which had been left in contact with chloramphenicol ( 5 pg./ml.) over-night. We cannot account for this increase in toxicity. Chloramphenicol at 1 ,ug./ml. had as much rescuing effect as was found previously with 5 pg./ml.; the lower concentration was used in the present experiments.
RESULTS
Effect of anaerobiosis before harvesting organisms for irradiation Escherichia coli B/r. Young cultures of E. coZi strain Blr grown on nutrient agar slopes yielded exponential or very nearly exponential survival curves, while those of the same age grown anaerobically yielded curves of equal slope, but with an initial shoulder. Survival curves pertaining to anaerobically grown organisms had extrapolation numbers (Alper, Gillies & Elkind,' 1960) as high as 8 (Figs. 1, 2) . The final slope of a survival curve with stationary-stage anaerobically grown organisms was only slightly less than that observed with logarithmic-phase organisms grown aerobically (see Fig. 1 ). Figure 1 shows that pairs of survival curves for the two populations, each irradiated in the presence and absence of oxygen, could be superimposed by using the same dose-multiplying factor (2.6 in the conditions of the experiment illustrated Figure 2 shows the difference in response to u.v.-irradiation of aerobically and anaerobically grown organisms of the same age.
Escherichia coli B. Organisms of this strain grown aerobically on nutrient agar slopes were not so sensitive to u.v.-or X-irradiation as were broth-grown organisms; those grown anaerobically were still less sensitive (Fig. 3) . Salmonella typhimurium LT 2. This strain showed the same characteristics as did Escherichia coli B/r : survival curves of anaerobically grown organisms showed an initial shoulder not seen with aerobically grown organisms.
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Anaerobiosis after irradiation
Escherichia B/r. This organism showed no effect on the survival curve after u.v.-Escherichia B. Anaerobiosis was more effective in rescuing the organisms after (Fig. 4) or X-irradiation.
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u.v.-irradiation than after X-irradiation ; irradiation was more effective when the organisms were X-irradiated in the absence of oxygen than in its presence (Figs. 3  and 5-7) . Up to the time of the first cell division, increasing duration of anaerobiosis permitted more X-or u.v.-irradiated organisms to give colonies; conversely, increasing periods of aerobic growth before anaerobiosis was started decreased the final colony counts until the subsequent imposition of anaerobiosis no longer affected the number of colonies formed. versa. The growth of the u.v.-irradiated organisms in aerobic conditions is shown. There was a similar dependence of survival on duration of aerobic or anaerobic growth after X-irradiation. The dose of X-rays required to give the same survival as 200 ergs/mm.2 u.v.-radiation imposed a shorter lag period, and the period within which change occurred was correspondingly shortened.
Other organisms. Anaerobiosis hadno effect,onEscherichiacoli K 12(h) or K 12s after u.v.-irradiation. Salmonella typhimurium was affected like E . coli B, but to a lesser extent.
Effect of anaerobiosis on growth of Escherichia strains B
and Blr (unirradiated) Escherichia coli B/r had the same lag phase and generation time whether grown aerobically or anaerobically. With E. coZi B, however, the lag phase and the generation time were increased (Fig. 9) . Interaction of anaerobiosis with chloramphenicol treatment after irradiation Anaerobiosis as a mechanism for rescuing irradiated Escherichia coli B had slightly more effect than had chloramphenicol treatment when the latter was applied immediately after plating. As reported by Gillies & &per (1959) , chloramphenicol treatment applied to u.v.-or X-irradiated organisms after short incubation on nutrient agar allowed more Organisms to form colonies. When the counts were expressed as a dose-effect curve, the higher counts were seen to be due to the appearance of an initial shoulder on the survival curve. Chloramphenicol treatment in anaerobic conditions brought about much less rescue than anaerobic growth alone, or chloramphenicol treatment in aerobic conditions (Fig. 5) .
P
DISCUSSION
Anaerobiosis as a rescuing treatment for u.v.-irradiated Escherichia coli B It was suggested by Alper (1961, 1962) and by Gillies (1961) that the lethal effect of X-or u.v.-radiation on micro-organisms might occur as a result of damage in at least two sites, such that treatment after irradiation might act differentially on these. As observed with other treatments which rescue irradiated organisms of this strain of Escherichia coli there seems to be a minimum degree of damage which anaerobiosis is unable to affect; much the same dose-effect curves are seen when u.v.-or X-irradiated E . coli B is treated by keeping the organisms anaerobic, by chloramphenicol, by specific inhibition of protein synthesis (Gillies, 1961) or simply by holding the organisms out of contact with nutrients (Roberts & Aldous, 1949;  Charles & Zimmermann, 1956; Gillies, 1961) . It seems probable that all such treatments enable the organisms to bypass damage to a particular site, but the mechanism may very well be different with different treatments. Certainly the kinetics of rescue by chloramphenicol or by puromycin (Dr N. E. Gillies, personal communicati'on) differ from those observed with other treatments we have used. As shown in Fig. 8 , preliminary aerobic incubation decreased the effectiveness of subsequent anaerobiosis : similarly, a preliminary period of normal protein synthesis decreased the effectiveness of subsequent specific inhibition thereof (Gillies, 1961) . The reverse is true of treatment by chloramphenicol and puromycin, their overall effectiveness being greater after a preliminary period of vigorous normal metabolism. But when chloramphenicol or puromycin was applied immediately, and for short periods, to u.v.-or X-irradiated organisms, particularly when these were in the logarithmic stage of growth, there was a decrease in the final colony count, not an increase  Dr N. E. Gillies, personal communication). Not only was there no additivity in the rescuing effect of chloramphenicol treatment and anaerobiosis, but these two treatments in fact counteracted each other (Fig. 5 ) ; this suggests that two different pathways of rescue from radiation damage may interfere with each other.
Alzaerobiosis before 2c.v.-or X-irradiation. In all three strains tested, anaerobic growth decreased the effect of radiation on colony-forming ability. Anaerobic growth conferred on Escherichia coli B/r and on Salmonella typhimurium the ability to absorb a dose of radiation before the killing became exponential with dose, while with E . coli B the slope of the survival curve was decreased. When E. coli B was grown anaerobically after irradiation, as well as before, the survival curve showed the same characteristics as did that pertaining to anaerobically grown E. coli strain B/r (Fig. 3) . It was inferred by Alper & Gillies (1960a, b) that the two strains of E. coli as normally grown (e.g. in nutrient broth) do not differ in the targets which they present to radiation, but rather in the effect which damage to these targets has on the biochemical pathways which lead to cell division. Like other treatments, anaerobiosis after u.v.-irradiation has the effect on E. coli B of making its response to u.v.-radiation similar to that of its resistant mutant B/r, the growth curve of which is exactly the same in aerobic and in anaerobic conditions. It is noteworthy that anaerobic conditions, without affecting generation time, affect E. coli B/r so profoundly that the organisms acquire the ability to absorb a 'quasi-threshold dose' which is about twice that required to produce an average of one lethal event per organism, once the curve has become exponential.
We are grateful to Dr N. E. Gillies for permission to quote some of his unpublished results.
